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We  propose  to  develop  a  new  class  of  semiconductor  devices  and  nano-electro-mechanical  systems  (NEMS). 
These  new  systems  are  based  on  the  formation  of  multiple  quantum  wells  (MQW)  and  multiple  quantum 
barriers  (MQB)  for  electron  confinement.  Our  efforts  will  significantly  impact  the  important  new  area  of  nano 
technology/electronics.  Our  unique  approach  will  allow  us  to  study  phenomena  and  interactions  at  room 
temperature  that  currently  can  only  be  measured  at  cryogenic  temperatures.  We  will  produce  multiple  quantum 
barriers  (for  example  Si02  and  SiNx)  on  Si  microstructures  to  form  a  composite  quantum  barrier.  These 
composite  energy  barriers,  formed  by  coupling  semiconductors  through  multiple  thin  oxide  layers,  allow  us  to 
actively  manipulate  the  height  of  the  resulting  effective  energy  barrier.  In  fact,  the  effective  energy  barrier  can 
be  modulated  (raised  as  well  as  lowered)  by  applying  an  external  electric  field  or  a  mechanical  stress.  Finally, 
we  will  use  quantum  point  contacts  to  form  a  novel  nanomechanical  electron  transistor  in  which  electron 
transport  can  be  actuated  by  simply  bending  the  microstructure.  GHz  frequencies  are  possible  in  such  devices 
under  the  right  circumstances.  Feasibility  versions  of  both  a  nano-mechanical  transistor  and  a  tunable  IR 
detector  will  be  attempted. 
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The  limitations  in  size,  cost,  speed,  and  heat  dissipation  in  present  microelectonics  are  links  paramters  that  can 
be  delt  with  more  directly  at  the  nano-scale  where  quantum  effects  can  be  exploited  with  nanomechanics.  Over 
the  past  decade  the  fast  growing  field  of  micro-electro-mechanical  systems  (MEMS)  has  opened-up  new 
possibilities  for  micro-device  applications  using  phenomena  and  effects  important  at  the  micro-scale.  As  a 
natural  extension,  nano-electro-mechanical  systems  (NEMS)  can  provide  additional  opportunities  for  the 
“discovery”  and  manipulation  of  unique  phenomena  at  the  nano-scale.  Manipulation  of  quantum  barriers  at 
the  nano-scale  level  using  multiple  insulator  layers,  in  what  we  now  term  as  semiconductor-multiple- insulator- 
metal-systems  (SMIMS),  can  lead  to  a  new  generation  of  more  efficient  semiconductor  devices.  Furthermore, 
multiple  quantum  wells  (MQW),  multiple  quantum  barriers  (MQB),  and  quantum  point  contacts  (QPC)  grown 
on  top  of  micro-mechanical  structures  can  provide  efficient  means  for  ballistic  restriction  and  electron 
confinement. 

Low  dimensional  semiconductor  quantum  structures  have  recently  attracted  much  attention  owing  to  their 
interesting  properties  in  quantum  physics  and  potential  applications  in  microelectronics  and  optoelectronic 
devices.  Recently  it  has  become  apparent  that  as  systems  become  smaller  and  smaller  in  size  (from  millimeters 
to  micrometers  to  nanometers),  new  phenomena  manifest  themselves  in  multiple  time  scales  and  dimensions. 
This  is  important  because  it  means  that  properties  of  materials  can  be  manipulated  at  the  nano-scale  level.  This 
manipulation  of  useful  quantum  effects  can  be  modulated  with  electric  fields,  photons  (electron  hole  pair 
generation),  and  even  mechanical  stress.  These  control  parameters  become  particularly  user  friendly  when 
these  nano-structures  reside  on  larger  micro-devices.  These  composite  devices  can  be  of  a  material  and 
dimension  to  have  resonance  frequencies  well  over  a  GHz,  while  shuttling  only  a  few  electrons  per  cycle.  This 
could  have  an  enormous  effect  on  device  size  /  heat  dissipation  compared  to  conventional  technology. 

We  propose  to  develop  and  study  a  new  class  of  semiconductor  NEMS  devices.  These  new  systems  are  based 
on  the  formation  of  MQW  and  MQB  used  for  electron  confinement  and  QPC  within  micromechanical 
structures  used  for  ballistic  electron  restriction,  in  microstructures.  Our  efforts  will  significantly  impact  the 
important  new  area  of  nano  technology/electronics.  To  our  knowledge  the  proposed  work  will  be  the  first  ever 
attempts  to  develop  nanostructures  as  part  of  micromechanical  systems  and  to  measure  electron  transport 
phenomena  in  nanostructures  using  these  micromechanical  devices.  Our  unique  approach  will  allow  us  to  study 
phenomena  and  interactions  at  room  temperature  that  currently  can  only  be  observed  at  cryogenic  temperatures. 

Our  efforts  may  directly  lead  to  the  development  of  a  revolutionary  class  of  micro/  nano  mechanical  devices 
such  as  “single”  electron  transistors  and  tunable  photon  detection  devices  that  rely  on  actuated  (stressed) 
quantum  wells  (QW),  quantum  barriers  (QB),  and  quantum  point  contacts.  New  capabilities  in  chemical 
sensing  and  energy  conversion  devices  using  modulated  electron  energy  barriers  would  also  result  if  feasibility 
can  be  demonstrated  for  this  approach.  Once  the  technology  area  is  established,  other  devices  will  result  that 
are  not  obvious  at  this  point.  The  technology  transfer  possibilities  seem  very  promising  since  all  of  the 
fabrication  tools  already  exist,  although  much  process  development  will  be  required  to  optimize  and  integrate 
the  micro  and  nano  fabrication  tools  that  have  been  developed  over  the  last  decade. 
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